I. INTRODUCTION
Deciduous trees, which are wide spread in Northern Europe, cover approximately 54 % of the total forest area in Latvia. Alnus incana and Alnus glutinosa sp., commonly known as grey alder (GA) and black alder (BA) are fast-growing trees that grow well on poorer soils. The bark constitutes typically 4-10 % of the total weight of deciduous tree stems. Nowadays, the wood bark from logging and wood mechanical processing is used as cheap fuels, soil conditioners and amendments, and as decorative landscape mulching products, though the barks of deciduous tree species contain bioactive chemicals, including the polyphenols [1] . The bark of alder species growing in the Europe, in particular in Latvia, is scarcely explored as a source for obtaining of valuable extractive products. Plant polyphenols have drawn increasing attention due to their antioxidant properties and their marked effects in the prevention of various oxidative stress-associated diseases, such as cancer. Proanthocyanidins (PAC), known also as condensed tannins, are widely distributed in the plant kingdom and belong to a class of polyphenolic compounds that take the form of oligomers or polymers of polyhydroxy flavan3ol units, such as (+)catechin and (−)epicatechin, see Fig. 1 [2] .
The high concentration of proanthocyanidins in alder bark makes it a prospective raw material not only for medicine and veterinary, but also for food industrial applications, in particular as food antioxidant additive. At present, an urgent task of food manufacturers that is conditioned by the requests of consumers is substitution of synthetic antioxidants by natural ones. The globalization of food-related diseases, such as diabetes mellitus, as a result of modern life style and increasing consumption of high carbohydrate diets stimulates investigation of plant-originating bioactive compounds for working out special food additives. It is a modern therapeutic approach for treatment of food related diseases that is considered economically beneficial [3] .
Our approach is connected with widely spread conception of tree as a green factory producing chemicals as individual compounds or their mixtures that can be used not only for agriculture, but also for food industry and health care. This investigation is focused on plant secondary metabolites, in particular proanthocyanidins, which are biologically active.
The aim of present work was screening of alder tree species wide spread in Latvia as potential sources of proanthocyanidins and testing of PAC as an antioxidant for food with the aim to create further new valuable products based on logging and wood mechanical processing waste.
II. MATERIALS AND METHODS
The bark of black and grey alder was collected in Latvia (Ogre region, 2011). Bark was ground before extraction to pass a 420 μm sieve. Hydrophilic extracts enriched with PAC were isolated from bark using sequential extraction with Accelerated Solvent Extractor (ASE 350, Dionex) at 90 °C (1500 psi) for 20 min using solvents of increasing polarity: hexane, ethyl Total polyphenol (TP) content of extracts was determined using Folin-Ciocalteu procedure with gallic acid as reference compound. Results were expressed in gallic acid gramequivalent (GAE) [4] . PAC content was measured by buthanolHCl method using procyanidin dimer B2 as a reference compound [5] . Each hydrophilic extract (40 % EtOH) was characterized in terms of the presence of carbohydrates and other admixtures using Fourier transform infrared spectroscopy (FTIR) spectroscopy. FTIR spectra of obtained extractive and PAC were analyzed using spectrometer Spectrum One (PerkinElmer) with KBr technique. The scans were carried out from 600 cm −1 to 4000 cm −1 . The total amount and sugar composition of the carbohydrates in the hydrophilic extractives were determined using gas chromatography (GC) analysis (Agilent 6850 Series; column -DB-1701) after hydrolysis, reduction and acetylation [6] . PAC were purified from non-tannin phenolics and sugar using Sephadex LH-20.
13 C-NMR spectra of the purified PAC were recorded with a Bruker Advance 300 spectrometer operating at 300.13 MHz for carbon at 75 MHz (Aveiro, Portugal). The PAC were dissolved in D2O (ca. 2 % w/w).
The extracts enriched with PAC and purified PAC were tested for their antioxidant activities using DPPH
• and ABTS
•+ radical scavenging assays. DPPH
• (1,1diphenyl2picrylhydrazil) radical scavenging assay was performed using the spectrophotometric method described by Dizhbite et al. [7] . ABTS •+ was produced by reaction of 2,2'azinobis(3ethylbenzothiazoline6sulphonic acid (ABTS) with potassium persulfate (K2S2O8) [8] . Free radical scavenging activity was expressed as IC50 (the concentration of antioxidant, mgL −1 , required for a 50 % inhibition of the free radical). The lower the IC50 value is, the higher is the radical scavenging activity of the compounds. Trolox (a water-soluble derivative of vitamin E) was tested as a reference antioxidant.
Effect of purified PAC on the oxidative stability of mayonnaise Kedainiu was studied using ML Oxipress apparatus (Mikrolab Aarhus). Mayonnaise without additives Kedainiu (Lithuania) was used as a substrate. First, 0.02 g of antioxidant (PAC or Trolox) was mixed in the reaction vessel with mayonnaise (5 g in terms of lipids), and the mixture was sonicated for 30 min. Mayonnaise without additives was used as the control. Then the reaction vessel was filled with O2 to 0.5 MPa, placed into a furnace at 120 °C, and the changes of pressure depending on time of heating were recorded [9] . PAC protection factor (PF) was calculated as (1):
. (1) where IPx and IPc are the induction period of mayonnaise with the PAC sample and with the control, respectively.
In the present study the influence of PAC on the oral digestion in vitro was investigated using α14amylase activity in saliva (pH 6.8-7.2) as a model. The activity of amylase was evaluated by measurement of amyloclastic force (AF) and defined as the volume (in ml) of 0.1 % starch solution that is hydrolyzed by 1 ml of saliva of 24 donors (22-26 years old) at 38 °C during 30 min of incubation [10] .
III. RESULTS
The present study was focused on bark from two alder species as prospective raw materials to obtain proanthocyanidins as a food additive for health and food application.
At the first stage of our research we performed screening of the yield of lipophilic and hydrophilic extractives from alder bark. The yields of hydrophilic extractives (aqueous ethanol extracts) varied between 12-14 % of dry mass of bark (see Fig. 3 ). The obtained hydrophilic extracts (aqueous ethanol) were rich in polyphenolic compounds (Table I) , which are responsible for free radical scavenging activity. Based on the FTIR, GC data and on Py-GC/MS/FID results as well [11] , the aqueous ethanol extracts contained polyphenolics, mostly proanthocyanidins, as the predominant component, although a certain amount of carbohydrates and extractives (flavonoids) were also present. FTIR spectra showed that aqueous ethanol extracts from alder bark contained high amount of carbohydrates (high absorption intensity at 1200-1000 cm The total content of polyphenolic compounds (PC) in the aqueous ethanol extracts of grey alder and black alder were 0.39 and 0.46 (GAE·g −1 ), respectively. The content of PAC in the studied barks was 24.56 % and 24.36 % on o.d. extracts; see Table I [11] .
The GC analysis confirmed that the aqueous ethanol extracts contain up to 37 % of total carbohydrates. The most abundant monosaharides in aqueous ethanol extractives from Alnus incana and Alnus glutinosa bark were xylose (Xyl) and glucose (Glc), see Table II . To remove sugars and other impurities the purification of main compound (proanthocyanidin) was carried using Sephadex LH 20. After purification the intensity of absorption bands in the FTIR spectra region 1200-1000 cm −1 was decreased; this indicated a decrease in the amount of sugars in purified PAC. The FTIR spectrum of purified PAC from the aqueous ethanol extract from grey alder bark showed similar absorption bands when compared with procyanidin B2 standard.
The 13 C-NMR spectra of purified PAC from bark of two alder species showed that PAC from grey alder and black alder bark are procyanidines (PC). The liquid state 13 C-NMR spectra of PAC were analysed and the results given in Fig. 5 and Fig. 6 . The signal assignment was made based on the publication of X. X. Chen et al. [12] .
Distinct signals at 157 ppm in the spectra were assignable to C5, C7, and C8a carbons of PC. Resonance at 145 ppm belonged to C3' and C4' of PC units. The peaks at 115 ppm and 118 ppm were assigned to the C2, C5, and C6 of PC units. The group of peaks between 110 ppm and 90 ppm were assigned to C8, C4a, and C6 of PC. The region between 70 ppm and 90 ppm is sensitive to stereochemistry of the C ring and the ratio of 2,3-cis to 2,3-trans isomers can be determined through the distinct differences in their respective C2 chemical shifts. C2 gives resonances of 75 ppm and 87 ppm for the cis and trans form, respectively. C3 of both cis and trans isomers occurs at 75 ppm. In addition, a broad peak at 32 ppm was assigned to the C4 atoms of the extension units. ) for hydrophilic (aqueous ethanol) extracts revealed the highest level of activity for the extract from black alder bark (see Table III ). PAC from the bark of black alder showed the highest antioxidant activity among purified PAC, which was higher than that of Trolox. The high concentration of PAC in alder bark makes it a prospective raw material of proanthocyanidin for industrial applications, such as food antioxidant additives. The antioxidant efficiency of the PAC from alder barks were tested by their influence on oxidation stability of mayonnaise. The research results have shown that the PAC from alder bark are promising agents for stabilization of mayonnaise against oxidation, see Table IV.   TABLE IV   EFFECT OF PURIFIED PAC ON THE OXIDATIVE STABILITY The investigation of PAC inhibitory activity of PACs on alpha amylase shows that PAC of grey alder in dosage of 0.05 ml works as amylase activator. However, in the higher dosage (0.5 ml) the inhibition of enzymes was observed. Inhibition of α-amylase can delay carbohydrate digestion resulting in reduced postprandial glucose. This may have beneficial effects on insulin resistance and glycemic index control in diabetic patients. From the other side, activation of amyloclastic force resulting in acceleration of starch degradation to glucose could be useful for treatment of persons with underweight, malnutrition and malabsorption.
IV. SUMMARY
It was found that grey and black alder bark has about 4 % of PAC content in dry bark is a prospective raw material for production of proanthocyanidin based food additives. By analyzing proanthocyanidins, the highest antioxidant activity showed proanthocyanidins isolated from the bark of black alder. The PAC from both alder barks shows good potential as an antioxidant for oxidative stabilization of mayonnaise; this opens the possibility of its application as food additive. PAC from grey alder bark clearly demonstrated in vitro dose dependant activation of amilase function resulting in acceleration of starch degradation to glucose that could be useful for treatment of persons with underweight, malnutrition and malabsorption. 
